Single-species habitat management strategies are often undertaken without explicit consideration of their effects on the larger community. Here we explore the potential effects of managing eastern Ontario deciduous forests for the Cerulean Warbler (Dendroica cerulea) by examining its potential as a biodiversity indicator species and as an umbrella species. Our results indicate that the Cerulean Warbler would not be an effective biodiversity indicator, as its distribution across the studied landscape did not coincide with areas of high avian species richness. However, the Cerulean Warbler may be effective as an umbrella species for the maintenance of populations of other canopy-nesting species that require mature deciduous forest habitats. It is hoped that the conclusions reached in Ontario, while perhaps not directly transferable to all parts of the breeding range, encourage other Cerulean Warbler researchers to ask similar questions in their study areas.
Few North American songbirds are receiving the scientific and conservation attention that is currently focused on the Cerulean Warbler (Dendroica cerulea; Robbins et al. 1992; Rosenberg et al. 2002*; Hamel et al. 2004 ). The Cerulean Warbler has suffered significant long-term breeding population declines (annual declines of 3.04% over 1966 Link and Sauer 2002) which are largely attributed to habitat destruction on both the breeding and wintering grounds (Robbins et al. 1992) . Concern over the long-term health of this species has led to its designation as threatened, rare, or of special concern in the United States and as a Species of Special Concern in Canada (Robbins et al. 1992; Hamel 2000; COSEWIC 2003*) .
In two separate meeting in 2001 and 2002, a group of academic and governmental scientists, land managers, industry biologists and non-governmental organizations formed the Cerulean Warbler Technical Group (CWTG): an effort to develop a proactive, broad-based, multiple stakeholder approach to Cerulean Warbler conservation in both North and Latin America (Hamel et al. 2004) . One of the outcomes of these meetings was a breeding grounds research plan that is designed to identify key population limitation factors and explore forest management options for the maintenance and creation of Cerulean Warbler habitat on a rangewide basis.
Ironically, the very thing that limits our ability to currently diagnose specific reasons for breeding ground population declines -a general lack of natural and lifehistory information -may also limit the efficacy of the CWTG research plan. Here, we take advantage of data collected during one of the longest running Cerulean Warbler research programs in North America (dating to 1994; Oliarnyk and Robertson 1996; Jones et al. 2000 Jones et al. , 2004 Barg et al. 2005) to make predictions regarding the potential effects of managing deciduous forests for Cerulean Warblers on sympatric bird species in eastern Ontario. Specifically, we ask two questions. One, will the promotion of Cerulean Warblers and Cerulean Warbler habitat promote the preservation of avian diversity? In other words, is the Cerulean Warbler a biodiversity indicator (sensu Landres et al. 1988) ? Two, can the Cerulean Warbler act as an umbrella species for other bird species with similar life -and natural histories? The protection of the habitat of the umbrella species ideally results in the protection of the habitat of those species whose requirements are subsumed by those of the umbrella (Launer and Murphy 1994; Berger 1997; Simberloff 1998) .
Study Area and Methods
This investigation was conducted at the Queen's University Biological Station (QUBS), Ontario (44 o 34'N, 76 o 20'W), within the Great Lakes-St. Lawrence mixed forest region. Our study area was restricted to approximately 2 600 ha of research tracts managed by QUBS. The landscape in the area is dominated by mature, secondary-growth, lowland mixed deciduous forest, interspersed with rocky outcrops, marshes, lakes and abandoned agricultural fields.
Bird surveys.
In 1997 and 1998, we surveyed birds on QUBS property using variable-circular-plot point counts (Reynolds et al. 1980; Jones et al. 2000) . We surveyed 80 stations in 1997 (17 May -20 June) and 67 stations in 1998 (21 May -21 June); the 1998 stations were a subset of those sampled in 1997. The point-count stations were located to maximize spatial coverage of the study area. Each point count was 10 min long. Each station was separated by at least 200 m to minimize the potential for double-counting individuals. Point counts were conducted between 0.5 hr before sunrise and 3 hr after sunrise EST in order to sample during peak song activity, and were only conducted under calm weather conditions. For our analyses we included birds detected within 100 m of the plot center. Probability of detection was similar for all species analysed, as the detection thresholds for all but one species (Black-and-white Warbler, Mniotilta varia, 92 m) were beyond 100 m (Jones unpublished data). Data from the first two visits per station each year were used in the analyses to facilitate comparison between years and because two visits are sufficient to confirm the presence or absence of Cerulean Warblers .
Vegetation Surveys. We collected vegetation data at 59 point-count stations in 1997 at five circular subplots, each with a radius of 5 m. The first subplot was centered on the point count station center and the other four were located 50 m away in each of the cardinal directions. Within each of the subplots we counted the number of saplings [stems < 3.0 cm diameter at breast height (dbh)], measured the dbh of all stems ≥ 3.0 cm and grouped them into two size classes (3.0 -15.0 cm dbh, 15.0 -30.0 cm dbh). Using an imaginary 1m radius cylinder projected upward from the forest floor, we estimated cover within 3 m height intervals from the ground to the top of the canopy. Total cover and percent cover of each woody plant species was estimated by eye in each height interval on a scale of 0 to 10 (0 = 0% cover, 10 = 100% cover). Two observers made all cover estimates; the two observers spent several days prior to data collection assuring that their cover estimates were within 10% of one another. For analysis we reduced these cover estimates to two variables: maximum cover below 6 m (understory cover) and maximum cover above 12 m (canopy cover). Each vegetation variable was averaged across subplots to describe the habitat of the point-count station. We measured only those vegetation variables thought to be important to Cerulean Warblers; the importance of these variables has been supported by subsequent research . We also restricted the number of vegetation variables for analytical reasons (see below).
Data Analysis. In our analyses, we included only those species known to breed in our study area. We also excluded species that are not adequately sampled by diurnal point counts, such as colonial nesters (e.g., Barn Swallow, Hirundo rustica), nocturnal species (e.g., Whip-poor-will, Caprimulgus vociferus), waterfowl (e.g., Wood Duck, Aix sponsa), and waders (e.g., Great Blue Heron, Ardea herodias).
(1) Biodiversity indicator evaluation
We tested whether the presence of Cerulean Warblers was a predictor of overall bird species richness. For the purposes of these analyses, we defined species richness as the number of species detected in the first two visits to a point-count station, excluding the Cerulean Warbler if present. We used randomization tests to compare the mean species richness at stations where Cerulean Warblers were present to the expected species richness at a randomly generated sample of points (Chase et al. 2000) . In these tests, the mean species richness was calculated for a random sample of point-count stations, with the number of random stations equaling the number of stations where Cerulean Warblers were detected in a given year. We iterated this procedure 1000 times to generate an expected distribution of mean species-richness values. We then compared the observed species richness associated with Cerulean Warblers and determined its statistical significance. These randomization tests were performed using S-PLUS 4.0 (Mathsoft 1997*) . Values reported in the results are means ± SE.
(2) Umbrella species evaluation The initial step in evaluating the potential of the Cerulean Warbler as an umbrella species was to establish an ecological context. We categorized the bird species detected during our surveys into species groups based on habitat preferences, diet and foraging substrate, and nesting substrate. These classifications were based on observations reported in the literature (Ehrlich et al. 1988; Robbins et al. 1989a; Freemark and Collins 1992; Canterbury et al. 2000) ; we did not include our survey data in these classifications. In addition, we created a conservation concern grouping that included species which were experiencing statistically significant population declines as indexed by North American Breeding Bird Survey data for 1966-2000 (Sauer et al. 2001*) . For the purposes of these analyses we focused on the groups to which Cerulean Warblers belonged: mature forest habitat (n = 13 species), insectfoliage foragers (n = 15), canopy nesters (n = 12), and species of concern (n = 14).
We used two methods to test if the distribution of Cerulean Warblers was representative of the distributions of other species in the same functional group. First, we used the checkerboard score (C-score) developed by Stone and Roberts (1990) to test for nonrandomness in presence-absence matrices. One of the reasons we selected this metric of co-occurrence is that is not particularly prone to Type 1 error (Gotelli and Entsminger 2000*) and, unlike other co-occurrence metrics, it allows for overlap in species distributions (Gotelli and McCabe 2002; Feeley 2003) . We calculated C-scores (hereafter, observed C-score) for each functional group to examine if species within each functional group were distributed randomly across the landscape with respect to one another. For each survey year, we used re-sampling techniques to calculate 10 000 C-scores based on the original presence-absence matrix. The observed C-score was then compared with the generated distribution of expected C-scores. A Cscore significantly greater than expected indicates that the assemblage is competitively structured; that is, individual species have distinct, and often exclusive, distributions (Stone and Roberts 1990) . Conversely, a C-score significantly smaller that expected indicates that there is a degree of cohesion in the distribution patterns of the species included in the matrix. All Cscore calculations were carried out using EcoSim 5.0 (Gotelli and Entsminger 2000) . For all iterations, the number of species detected at each point-count station was kept consistent with the original matrix and each station was equally likely to be inhabited by a given species. Survey results from 1997 and 1998 were analyzed separately.
In our second test, we used logistic regression analyses to predict the probability of occurrence along a habitat gradient for all species within each species group to which Cerulean Warblers belonged. The Red-eyed Vireo (Vireo olivaceus) was not included in these analyses due to its near-ubiquitous distribution. For these analyses we included only the 1997 surveys of the 59 point-count stations for which we collected vegetation data. We generated the habitat gradient by entering all five vegetation variables into a principal components analysis, giving us an approximate 10:1 ratio of sites to variables. We tested the significance of the eigenvalues for each variable within each component using a bootstrap approach, following the recommendations of Peres-Neto et al. (2003) . We drew 1000 bootstrap samples by resampling entire rows with replacement, thereby ensuring that the bootstrap matrices had the same dimensions as the original vegetation matrix; we conducted a PCA on each of these 1000 matrices. P-values were estimated by the number of bootstrap loadings equal to or less than zero for original loadings that were positive (greater than or equal to zero for negative loadings), divided by 1000.
For the purposes of this paper, we considered P = 0.10 as our significance cut-off. The first PC axis (PC1) explained 29% of the variance of the vegetation data (Table 1) ; positive values along PC1 represented sites of mature deciduous forest and negative values represented early successional forest. We included PC1 as the independent variable in our logistic regression analyses. All these analyses were performed with JMP IN 4.0.2 (SAS Institute Inc. 2000*) and MS-EXCEL using the PopTools add-in module (Hood 2002) . We calculated 95% confidence intervals around the logistic regression coefficient to facilitate comparison of occurrence probabilities across species.
Results
(1) Biodiversity indicator -The presence of Cerulean Warblers was not a significant predictor of avian species richness in either 1997 or 1998. In other words, observed species richness at Cerulean Warbler pointcount stations was not significantly different from species richness expected by chance, based on bootstrap analyses (1997, observed richness 12.69 ± 0.75 species, expected 13.95 ± 0.03, P = 0.12; 1998, observed 9.75 ± 0.63, expected 9.82 ± 0.03, P = 0.83).
(2) Umbrella species -All three of the species groups to which Cerulean Warblers belong exhibited cohesive distributions in both 1997 and 1998, as indexed by their C-scores (Table 2 ). C-scores that are significantly lower then expected are indicative of cooccurrence in the distribution patterns of the species included in the analyses. Species of conservation concern also exhibited cohesive distributions in both 1997 and 1998 (Table 2) .
The results of the logistic regression analyses using PC1 indicate that species within each of the species groups to which Cerulean Warblers belonged were distributed differentially along the generated habitat gradient, some more so than others (Table 3) . Within the mature forest group, only one of the 12 group species (Black-and-white Warbler) did not overlap with the Cerulean Warbler confidence intervals. Similarly, only one of the 12 canopy nesting species (Blue Jay, Cyanocitta cristata) did not overlap with the Cerulean Warbler confidence intervals. Conversely, the insect- foliage and conservation concern groups exhibited less concordance with the Cerulean Warbler distribution relative to the habitat gradient -43% (6 of 14) and 29% (4 of 14), respectively.
Discussion
Effective biodiversity indicators tend to be habitat specialists with wide geographic ranges; they also tend to have well-known natural histories (Caro and O'Doherty 1999) . Despite fitting this profile (Hamel 2000; Oliarnyk 1996; Jones 2000; Barg 2002 ), our results indicate that the Cerulean Warbler would not be particularly effective as an avian biodiversity indicator in eastern Ontario, as its distribution across the studied landscape did not coincide with areas of high avian species richness.
Our co-occurrence and logistic regression results do suggest that the Cerulean Warbler is suited to a role as an umbrella species. Perhaps not surprisingly, the distribution of the Cerulean Warbler was well matched to the distributions of other canopy nesters in mature deciduous forest (e.g., Scarlet Tanager, Piranga olivacea). Given the hierarchical nature of habitat selection, broad habitat requirements are likely more impor-
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THE CANADIAN FIELD-NATURALIST Vol. 118 TABLE 2. Tests for cohesive distributions of functional groups, as indexed by the C-score of Stone and Roberts (1990) . Estimated values are mean ± SE for a generated random distribution based on the actual presence-absence matrix for each group for each year. C-scores that are significantly lower then expected are indicative of co-occurrence in the distribution patterns of the species included in the analyses. (Hutto 1985; Block and Brennan 1993) ; indeed, we found that the species grouped by diet were more variable in their distributions along our succession gradient than were the species grouped by habitat type or nest location. Small body size -and, as a consequence, small home range size (Barg et al. in press ) -could limit the Cerulean Warbler's umbrella suitability, as effective umbrella species tend to have large home ranges (Caro and O'Doherty 1999) ; however, the Cerulean Warbler's apparent tendency to live in conspecific aggregations (Hamel 2000) potentially offsets any limitation imposed by small body size and individual home range size. We do not mean to suggest that the Cerulean Warbler would be a better umbrella than other, more widespread, species such as the Scarlet Tanager. Rather, our conclusions suggest that, if habitat management is directed at Cerulean Warblers, other species will likely benefit. Our co-occurrence and logistic regression results highlight a potential management conflict between mature forest and shrubland species. Although our Cscores indicate significant patterns of co-occurrence within the conservation concern group, there was no overlap between the logistic regression confidence intervals of the Cerulean Warbler and shrubland species that are considered to be at risk, such as the Goldenwinged Warbler (Vermivora chrysoptera). Given their disparate habitat requirements (i.e., forest edge vs. forest interior), management for Golden-winged Warblers will necessarily conflict with management aimed at maximizing Cerulean Warbler population health.
One additional conservation role the Cerulean Warbler may fill, and may be already filling, is that of a flagship species: a species that attracts attention support by virtue of its 'charismatic' nature (Simberloff 1998) . The Cerulean Warbler is a Neotropical migrant songbird, a group of birds that has been in the conservation spotlight over the last 30 years (e.g., Robbins et al. 1989b) . The Cerulean Warbler is a beautiful bird with an elusive nature that has a high profile due to extensive public education and activism (Rosenberg et al. 2002) and is highly valued by birders and ornithologists alike. More recently, the Cerulean Warbler has achieved notoriety as the focus of a legal battle surrounding its candidacy for listing on the U.S. Endangered Species Act (Ruley 2000) . This attention has led to the development of the CWTG and has spurred a great deal of basic research and forest management interest (Hamel et al. 2004 ). The apparent dependence of this species on large tracts of forest creates a possibility for the Cerulean Warbler to serve as a valuable symbol of the overall health of deciduous forests in eastern North America.
